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-Abstract 



The purpose of this exploratory, descriptive study was to examine how- 
children process different tasks of comprehension presented in graphical 
form. During the Spring 1981, \ fourth graders and 9 seventh graders were 
interviewed. The children were presented with graphs accompanied by six 
questions reflecting three levels of comprehension: "reading the data," 
"reading between the data," and "reading beyond the data." 

The children approached the tasks, of comprehension by employing text-/ 
schemarbased processing strategies, text-based processing Vt;rategies, and 

. T , 

schema-based processing strategies. These three types of strategies led to 
both correct and incorrect responses, ^pst students were aware of the need 
for, and also used, a text-based strategy for "reading the data" directly from 
the graph ^ ■ Most seventh-grade and higher achieving fourth-grade students 
demonstrated the text/schema integration strategy successfully on problems. 
Seventh graders seemed to know <v when to rely on schema-based strategies, even j 
when not required by the example, whereas fourth graders were less successful. 
A number of fourth- and seventh-graders failed to note, process, and/or adjust 
for inconsistent information on a bar graph designed with numbers decreasing 
from bottom to- top on the vertical axis. 

This paper includes a description of how these results highlight the 
statistical results of a previous study, a description relating the findings 
to other current research, and suggestions for future research. 
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Processing Information in Graphical Form 

♦ ' : 

4 * 

Processing information in our highly-technological society is depend- 
ent upon readers* ability to comprehend graphs. Our future citizens may 
not be adequately prepared for this form of communication because, the result* 
of the Second National Assessment of Educational Progress (NAEP) indicate 

that children/ s ability|to interpret and integrate the data in graphical 

* * 

form is limited (Bestgeto, 1980; NAEP, 1979) • " 

Generalizing, drawing inferences and predicting from data are high- V 

1 . " ! 

level cognitive skills whidh are essential if the message of the graph is 

deciphered.^ Therefor^, a research ^tudy (Curqio, ^ote 1) was con- 
ducted to attempt to identify factor! independent of reading and mathematics 
achievement, that contributed to fourth- and seventh-graders 1 ability to 
comprehend mathematical relationships expressed in graphs* The statistical 
results suggested that readers' prioir knowledge contributes to their ability 

I * 

to comprehend .the message in a. graph. 

| The three aspects of prior knowledge that were identified included 
prior knowledge of the topic of the graph (which is usually depicted by the 
title and axes' labels), prior knowledge of the mathematical content in the 
graph (i.e., 'the mathematical concepts av>d skills that are implicit in the 
pictorial display), and prior knowledge of the graphical for^?(ile., bar 
graphs, circle graphs, line graphsT^r pictographs) . For both fourth- and 
seventh-graders, the most salient aspect of prior knowledge of the graph that 
contributed to graph comprehension was that of mathematical conteirt. Younger 
children (e.g., fourth , graders) seem to rely more heavily upon the explicit 
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features of the graph (i.e., the topic and graphical form) for its meaning 
than older children (e.g., seventh graders). As the children's global 
knowledge base widehs and they are becoming more adept at abstract ^thinking 
(i.e., by the time they reach seventh, grade), there seems to be less concern 
for the ,topic and graphical form which drop out as significant variance 
factors (Curcio, Note 1).* . ■ % 

This previous research study (Curcio, Note 1) focused on the "product 11 
of each measure, i.e., the results of objective' testing. The questions were 
designed to determine, what prior, knowledge (including knowledge of topics, 
mathematical content, and graphical form) abput- the specific graphs students 
had, and how well they were^able to comprehend the mathematical Relationships 
expressed in those graphs. 

It was thought that additional information about how prior knowledge 
affects jgraph comprehension might be revealed by asking children to respond 
to graph items requiring them to "think aloud" as they solved each problem. 
Similar to other researchers ^(Clement, 1982; [Janvier, 1978; Resnick & Fc-d, 

♦ i 

1981), it was believed that designing such protocols would reveal the 
process" of comprehension, highlighting some of the strategies that might 
be employed by children to determine the "meaning", of the graph, and thus, 
enhance the statistical results of the previoufevsj:udy. 

*' 

/ The Sample *V 

Eight fourth graders (3 girls and 5 boys) and 9 seventh graders 
(5 girls and 4 boys) who participated in the preyious study »were interviewed 
and their responses were taped. In the following text, children are re- 
f erred to by an 'identification number of ithe form SGN, where S « student, 
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G * either 4 or 7 (representing the grade level), and N ■ 1 through 9 
(ni^t representatJv^ of the order interviewed). The children were selected 
so that different levels of reading and mathematics achievement were 
represented. See. Table 1 for a list of the students' reading and mathematics 
profiles* 

r . .-: ■ ! . 



Insert Table 1 about iteife 



Procedure K 

\ 

The interviews rasre conducted by three individuals who were prepared 
to-follow the interview protocol (Curcio, Note 1, p. 176). Two of the 
interviewers were totally. unknown to the children. One interviewer had been 
at the school on previous occasions* Each interview lasted approximately 
40 minutes* All interviews v^ere completed in two days, during the Spring, 
1981. The interviews took place in the school library and a resource center, 



where the conditions were quite similar. The child was put at ease by in- 
formal chatting about the child's birthdate, and introductory information. 

9 

The interviewers! also explained that the tape recorder, which was within 
view, was being used to help remember all the suggestions that the child 
made for Improving the graph. In some cases, the interviewers read the 
items and distractors aloud, thY child read them aloud, or, the child read . 
them silently. This procedure was deperfdent upon the child's reading/decoding 
ability and whether the child preferred to read orally or silently. In some j 
cases the interviewers gave the child feedback as to the correctness of the 
responses, in some case's the child was tcjld the correct answer when he/she 
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aaked r and in some ccses the child was corrected for misconceptions. 

i 

The graphs that were presented to the children were taken from the 

I " i 

researcher-designed graph test used in the previous study (Curcio, Note ?), 
except for one graph which was redesigned. The questions accompanying each 
graph had been constructed to reflect three levels of comprehension: 
"reading the data," "reading b'etween the data," and •'reading beyond the 
data." 1 The first two questions jof each graph required a simple reading 
of the data (either recognising key words in the title or axes 1 labels);, 
Questions 3 and 4 of each graph required children to Interpret the graph 
by comparing pieces of information pr integrating information. Questions 
5 and 6 of each graph required children to extend the data or predict from 
the data. 

All the students were presented with the "Average Time of Sunset" 

^ -\* 
graph (see Figure 1) and a revision of the "Helgftt of the Rodriguez Children 

-5- 

in.Marfeb, 1980" (see Figure 2). This revision was constructed in order I to 

observe students 9 reactions to'* a format contrary to their expectations, 

" 1 i * 

contrary to what is seemingly "natural," and contrary to what they have 

been "traditionally" taught (Kosslyn, Note 2). The revision entailed 

rearranging the vertical axis so that the nun&ers were decreasing from 

bottom to top, and rewriting items 4 and 5. Although item 6 was usjs d in its 

original form for the interviews (see Figure 2), it was recognized that a 

revision of this item is necessary because the original form has more than 

one "correct" answer (a and b). Therefore, the distractprs for item 6 

should be: 

a. Pedro could never be that short for his age* ^ 
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b. Pedro it such too tall for hit age. 

■ \ ■■ 

c. Pedro it of tvcrtgt height for hit tge. 

di Pedro it thin for hit tge. 

\ < ' 

' Insert* Figure- 1 about- here 



Insert Figure 2 about here 

Four fourth grader* were presented with the graph entitled, •*Hew 
Terry Spends a School Day" (tee Figure 3), and four\ fourth graders were 
pretented with the "Sttnpe Collected by Children" graph (Curcio, Note 1, 
p. 122). Five teventh grtdert were pretented with "The Gross National 
Product during 1969 through 1979" (Curcio, Mote 1, p. 119), and four 
seventh graders were presented with "The U. S. Government' a 1981 Dollar 
Budget" (Curcio, Note 1, p. 113). The graphs were selected because a vari- 
ety of graph-typee was desirable, and, the level of difficulty had to be 
relative to the grade levels of the children. 



Insert figure 3 about here 

Remits and Heauttion 

Since the retultt a. » bated upon a limited number of subjects,- it it 

important to Interpret thw deta collected with caution. Thla waa our firtt 

atteapt £t a descriptive analysis employing en interview techniques Even 

though the staple was stall > it seems es though this approach was fruitful 

^ * / 

/ . t ' / 

8 ' ■ / 
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because we were attLe to generate hypotheses to^amine to what extent the 

results of this small-scale, exploratory study confirm the statistical 

• & 

results of the previous study (Curcio, Note 1).* 

Spiro XHote 3) suggested that for comprehension of general discourse 
to occur , a reader muse draw on informatiotfHurcm the text and from schemata. 
The coordination involves three major strategies: reliance on text inform^ 
ation plus integrating it with prior knowledge; heavy reliance on text 
information in some instances; and finally fa Bfeavy reliance on schema- 
based knowledge with only minimal ^eference\to |h^text. It was found that 
children attempted tV interpret and com^s^enV^raphs in the same way. 

Children who employ strategies that, ma^h the intended level of 
comprehension of the graph questions usually understand the message of 
the graph. On the other hand, errors in comprehension tend to occur 
primarily under two conditions (assuming adequate decoding ability). They 
occur when readers becomfe over^eliant on text-based information during a 
situation which requires the integration of background knowledge. They 
also occur when readers become too schema-based and cease to verify inter- 
pretations lith text-based information. The interview^ in this study 

revealed that students utilized all three correct answer strategies and 

* - 

also the two error strategies. 

Text~ /Schema-Baaed Comprehension Processing 

In this case, the children we^e able to integrate the relevant inform- 
ation from the graph with relevant background knowl^ge. This was evident 
by children referring to particular aspects of the graph and describing how 
that information was used to obtain an answer. 
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Items t^at required "reading' between the data 11 and "reading beyond the 
data" were designed to employ prior knowledge as well as referring to the 
information and data located in the graph* The results of the previous 
study (Curcio, Note 1) suggested that the mathematical relationships were 
embedded within-the deep structure of the graph and topic^and graphical 
-form cues for retrieving relevant ,prior knowledge were located in the sur- 
face structure of the graph. Many students who attempted items by referring 
to the graph and applying relevant prior knowledge answered the items cor- 
rectly. How the students integrated information from the graph and brought 
their prior knowledge to bear arc highlighted in the following example* 

Example 1. (See Figure jf» item 5) 
Interviewer: (reading item #5) Bow many hours a week not 

including Saturday and Sunday did Terry spend / 
' on homework? 

S45: (pause) Ten hourfi* o? r 
I: How did you figure out it was ten hours? 
S45: Because I know there^ are five days in school and 
hours is two hours* so I go- S* 10* IS—. 

» ' _ I mean 2, i t $, 8 S and 10 (counting on \flngers) . . . 

' • \ ' ' . - - 

I: ; Right, tfiat'e— ^ 

S45: So cm day* two hours* two days four hou^s* three days* 

six hours* and four days* eight hours* and five days 

is HO hours* v 

After extracting the nicv 3**ry information from the graph (Terry spends 

two hours per day on homework) and bringing relevant prior knowledge to beer 

10 • \ 
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(there are five school days to a week* .excluding Saturday and -Sunday; | 
and multiplication is an appropriate operation to employ— i.e., 2x5" 
10), S45 waa able to derive the correct answer. This is an example of an 
item that was designed so that the child would "read beyond the data." 



Text-Based Compreksneion Processing' 

Strategies that yield the, correct answer. In the children's descrip- 
tions or explanations they clekrly referred to .t*e graph by pointing to, it 
or by remarking, "I found the Answer right here on the graph." (It is . 
important, to note that in orders to refer to the graph, knowledge of how to 
read the data directly from the graph was implicit; i.e., the. children knew 
how to locate specific coordinates or refer to the axes' labels;) 

t 

Children who used text-based processing to respond to comprehension 
, questions that retired a simpl^ "reading of the data," were usually suc- 
cessful to their responses. The only exception was to some cases, fourth 
graders had trouble matching vertical arid horizontal data entries because 
guidelines (such as graph paper lines) were not provided. 

The following is an example of text-based processing employed to 
respond to an item requiring a literal reading of the graph. 
Rumple 2. (See Figure 1, item 2) 
.1: All right. Number two. (reading item #2) 4:35 P.M. 

ie the average time of swiset during which month? 
S71: (pause) December.' 
It O.K., and how did you do that one? 
S71: I looked at the graph. * 
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Strategies that yield incorrect answers. In general, it seeiae as 
though students are aware of the ;need to enact text-based processes y 
strategies for this literal type of comprehension, However, students who 
employ text-based processing strategies for higher-level comprehension 
questions requiring them ta ft read between ,the data" and "read beyond the 
data, 11 Usually do not have enough information to respond to the, questions 
successfully* Their reliance upon the text and failure to bring, relevant 
prior knowledge to biSar (whether it be knowledge about the topic, oathe- - 
smt leal content, or graphical forto) hinders their tligher-level comprehension 
Example 3 highlights this problem. j 
Example 1. (See Figure 3, item 5) 
« It O.K., number five» go ahead. 

S47: (reading item #5) How many hours a week* not t 
including Saturday and Sunday, does Terry spend 
• - an her homework?' Two, a. * 

I: Why did you choose two? v 

\ 

S47: Because it soys right here (pointing to the gtaph) 
' r he spends two hours a week on tipmework* 

In Example 3» S47 (as well as other students) did 'not bring essential 
prior knowledge of mathematical content to bear by multiplying two hours 
of homework per day by five days (seven days in a week minus *tvo days for * 
Saturday and Sunday) ♦ During the preliminary discussion about i;he 4 g£aph* 
the student did recognise that the activities and time for each was during 
one day. One possibility is that S4? did not remember that the circle 
graph represented the time spent during one day, since reference is sede 
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to "a week" in the question; Another possbility is that the student had! 

all the coopenents hut did net know what operation or what sequence of ! 
/ l " •! 

' operations to perform in order to obtain the answer. The result in this 

case was that the student's information, obtained solely from the text, Was 
inadequate in processing a ( task of comprehension designed to force utilisa- 
tion of prior knowledge. - ' ' \ 

Sohema-Based Comprehension ProaeaBing 

The- interviews revealed three aspects of schema-based comprehension 

♦ 

processing? not attending to the. graph, and relying solely upon one's 
prior /knowledge; attetming to the graph but the topic leads the reader 
a o tray; and* attending to the graph but inconsistencies are not recognised* 
These three aspects are considered^ and discussed in relation to some 
excerpts of the interviews* * 

Not attending to the graph and relying solely upon one *e pHov 
knowledge, the children described how they answered the queptions by 
stating, n X did it without looking at the graph*" or "I got tjhe answer off 
the top of tie&d^m ^ou really just have to know [the vocabulary] * ,f 

Sc^;^ knowledge base that the information 

in the graph was superf luous and not needed to answer soioe of the itees 
that required - "reading isitween th^data*" and "read*ag beyefnd the data*" 

I** general* seventh graders were taore successful at attempting to 
teai#r\4t«M* solely based #pon their background knbwledge than fourth graders* 

Although laore fourth grader&jitteiispted to answer qjestioaa without attending 

- - - * ' / 

to fc&i ^fap^ <7 out of 8 fourth graders as opposed to A out of 9 sevent 

graders) * only two of the fourth graders were successful in selecting the 
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correct answer (one admitted tp, guessing) and all four seventh graders 
were successful in their schema-based processing. Seventh graders seemed 
to have a better sense of/vhen it vas appropriate to rely on a sehesaa-based 
strategy. In addition, perhaps fourth graders' reliance upon their prior 

knowledge of the topic 6f the graph (without attending to the graph itself) 

/ 

compounded with their/ inadequate prior knowledge, night explain why prior 

knowledge of the topic of the graph is a predictor of fourth-graders 1 graph 

. ' 0 
coaprehension ahility (Curcio, Note 1) . 

The following is an exawple of how a seventh /grader's prior knowledge 

enabled hia to successfully ansver the question without referring to the 

information in, the graph . 

Exasple 4. (Sea Figure i» itea 5) j 

I: O.K., 'maker five, (reading iten #5) Which of the 

following graphs represents the average time of sun- 

eet from January to June that bould make the above 

' graph represent one complete year? 

S74't One complete year* or juat half? 

I: One complete year. 

$74 r, (iong aiUfcce) It would be b* 

I* O.K.* what did you S^to get b? 

S?At I know that the mount of sunlight per day increases 

'. from January to June and then b was the only graph 

•foot showed an increase. • 

I» Mow do- you know that it inoreases from January to June? 

S74i Vm, seenjhe sunset get earlier during the year. 
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x * / * 

I* Did you need to use the big graph over here tb 

figure out tihe<Qnsmi % ? 

S74: 9 No ♦ . 

Some children attempted to answer questions that required an integration 
of the data in the graph (e.g., subtracting given quantities) by relying 
solely on their prio| f knowledge. v As a result, their responses were incorrect. 
Example 5 highlights this problem. \1j 
. Example 5. (See Figure 1, item 4) 

/ 

I: Let 9 s look at number four. 

S42: (silent reading) I think about three hours. • - 

1: 1 And* haw did you get that? 

S42: Because in the swrmer the days are long* and it's 

Q^very long time before it gets dark* 
I: Urn farm. And why did you pick three hours instead of 

*uido-ccnd-a~quarter or* why not one-and-a-quarter* or one~ 

and-a-hatf for that matter? 
S42: (pause) Bedause it isn't tJxat long. That would be the 

• time in the fall or in the winter. 
I * * Vm hrmtt ,(pau$e) Oh* I understand what you 're saying* 

Did you need the picture to answer this question or did 

«* 

ydu oust answer it off the top of your head? 

i 

S42: Off the top of my head. \ 

I: If you were to refer to the graph* would you still say 

- , / 

three hours or* would you change your mind? 
S42: (pause) J would still say three hours. 
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In Example 5, S42 admitted that the answer came "off the top of ray 
head." When the interviewer asked, the child to refer to the graph, no 
effort was made to do so. Instead, the child insisted upon sticking to 
the incorrect answer. It might be possible that in general, fourth graders 
are unable to distinguish between their prior knowledge and that which is 
applicable to the task at hand, and then switching to the graph to locate 
necessary information when the prior knowledge is inadequate. 

Attending to the graph but'tfie topic leads the reader astray. In this 

' j • * 
case, the children were overly concerned With the topic of the graph to 

i 

such a great extent that their descriptions and explanations went off on a 
tangent; i.e M the discussion was somewhat related to the graph but the 
children were sidetracked by "pouring out" their prior knowledge about the 
topic. Some children tiad to rely upon concrete or situational experiences 

when attempting the, tasks of comprehension. By approaching the tasks in 

N ^ 

this way, they became^istracted or sidetracked by considering somewhat- 
"** related information. However, in most cases (8 out of 12), students 1 
discussion became so far removed from the task at hand that they did not 
answer the items correctly. Examples 6 highlights this point. 

Example^. (See Figure J, item 5) / 
S48i I'll take a. j 



£ ♦ • ' \ 

It All right, now tell me why you picked a. Why whs that 



a better answer? 
S48: Well, I still don't think the time (pause) the sunset 
is strictly at '8:30. Ijthink that it might, curve 



16 
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wrong-still might be a little bit daylight ouifiide. 
I: iimf so yew said something about a curve just then. 

What was that about? What does it remind you of? 
S48: fcfeZZ, this curve right here reminds me of the way* 

like, the daylight f s set now. It doesn't (pause) ' 
at the time that it should set, it doesn't go | 
straightly dark* it f s still oust slightly a litt) 
bit daylight , outside. 
I: I see. And how does that remind yoiTbfa curde? 
S48: When you have: a straight line it is going to be dark 
immediately* but when you have a curve it takes a 
* little % bit longer. (illustr&ting by gesturing) 

.1: I see. Because it's qprt of rounded f or something? 
S48: It's a little bit longer than a straight- line. 
It O.K. Bow does this one* this graph* relate to this graph? 

(comparing choice a with the main graph) 
S48: This one right here l^?ks the same as this one. \ 
I: Vid-'that influence your choice at all? 
S48: Not that much* 
In Example 6, the curve of the graph reminds S48 of the path the sun 
follows when setting oa a given day. S48 then employed relate*** but 
incorrect schema information in attempting to bring meaning to the data in 
the graph* .It seems as though this child was distracted from attending / 
to both the surface structure «nd deep structure of the grsph (I.e., the 

5 ' 
< 

axes' labels, title, and mathenatlcpl content), which were required in 

,. L 
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answering this item. . 

' ' ' ; ' '4 

Attending' to -the graph hit' itioonshtenoies are not recofiniaed. >ln 

this* case, tfie children made specific references to the graph but they 

.1 h - • 

w*re not flexible enough, in their thinking to recognise information that 

* ' » f . ' 

might have been contrary or inconsistent with what they thought or had 
learned previously. In Piagetian terms, 0 the children were probably able 
to assimilate the incoming information, but unable to Accomodate it,' i.,e., 
make revisions in their already-established, relevant schemata. 

S children (7 whs had low mathematics achievement scores) did not 
inconsistencies on the revision of the 'Height of the Rodriguez 
Children in March, 1980" (i.e., that the higher the bar, £he shorter the ' 

person who is being. represented) . This is highlighted in Example 7. 

• ■ w 

Example 7., (See* Figure 2, ite<c 3) « 
Is 0.X.+ number three. 

S47: (reading item #3) Who was the tallest? (pause) Pedro* 
Is i And. why. did you say that? 

S47: . Beoauae hie bar goes all the way up, the met ... j 
Is * O.K., why didn't you choose Jose^ d for number S? 
S47: Because this is not ae big as_this one. When you 
„ , look, for the tallest you look for which one [is the 

highest . • • 

i In son* cases* students insisted upon following their intuition .(i.e., 
that .he higher tire bar* the taller the person who is being represented) 
regardless of the contradictory information along the vertical axis. This 
is highlighted. in Example 8s 
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tycaraple 8. (See Figure 2, item 3) 

• '-• 1 

I: So\ looking at the picture t what answer would, you give me? 
S44: I would give you Pedro. ■ 

I: And if you looked at these numbers, (pointing to the 

vertical axis) would you stilt say Pedro? — 
S44: les. J • X 

These observations seem to agree with Kosslyn (Note 2)--that children 
are, not as flexible in accomodating incoming information that might be in- 
consistent or contrary to what they expected, or have previously learned .\ 
In general, seventh graders and fourth graders with high mathematics 

' -I 

achievement scores were somewhat more flexible in handling this situation. 
They usually changed their answers to correspond to the numbers along the 
vertical axis. They made their changes after monitoring their own thinking* 
or after further questioning by the interviewer. 

In some cases, children had inadequate prior knowledge of mathematical 

i * 

content • They might have responded to a graph question correctly* but for 
the wrong reason. The children do attend to the graph, and they 6$ bring 
related prior knowledge to bear* but there is, an essential link to connect 
the two that is missing. This incorrect reasoning that leads to a correct 

• / - " \ ' . ; . 

answer can be discovered by questioning children and having them think aloud « 
Example 9 highlights this approach. v 

Example 9. (See Figure 3* item 6) 

I: Let 'e look at number air. * . 

- v S42: (silent reading) d* one-third? , \ 

i ~ { * • * . : - - 1 4 

It Why? 



■ 



842: 
If 



I: 



S42: 



It 
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'Cauke, because one-third is the \argest? j 
Oft, O.K.* how do you know one-third is the largest? 
Becaube one-twenty-one is very srrig.ll, one-twelfth is 
small j and one-fifth is almost as small. Qne-third in 
this Pyrt is the largest. , : " 

And* .why would that have. to be the largest of all of 
them, I mean the answer to that question? 
'Cause all of them is small when you' out them into 
different sections, the one-third is, the largest. 

j why, my question is, why would that have to be 

1 

the largest? Why couldn't it be the smallest one that 
would, be the answer to this question? 
S42: Because when you have a circle and you out it up into three 
parts, each one is about (showing on the circle graph) ( 

4 

I: Urn hm. Bight, ±hat's,\what you're saying is correct. 
But, my question is why would the answer a, b, c, or d, 
the one thai you pick, have to be the largest fraction, 
to this question-~why would the answer have to be the 

largest of these choices and not the smallest and* not the _/ 

1 

middle?" 

S42; (long pause) Because the smaller the number, the 
,i larger the fraction? j 

I: That's true, you're right, the/smaller th[e number in th? 
denominator the larger th& fraction. * .- But now with 
respect to this question, that says (reading the item aloud) 
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! Whah fractional part^of a week, not including 

Saturday and Sunday* does Terry spend sleeping? Why 
would the answer have to be the largest fraction? 

S42: Because the larger* because sleeping ^is the largest 

I 

thing there (referring to the circle graph), 

V 

on the graph* 1 

l 

/I: Vm hrmt* j\ 

S42: Arid on here_it f s the largest thing (referring to the 

' f ' 1 

distractors) • * 

; ' / • • i . 

I: Oh* now I want to ask you another question. If I said, 

/ * ^ 

if one of these choices were one-half* (pause) is one-half 

! . - / ■ . 

now the smallest* or the largest, or 'you can f t tell of alV 
th&se fractions? * 
S42: v phe largest. 

I: So if that wan a choice, would^you still say one-third, 
or* would you say now, one-half?* 

S42: One-half. ' ' 

In the above example, the child's comments indicate that schemata have 
been activated and prior Knowledge was b'eing brought to bear. Although S42 
did bring knowledge to bear, the knowledge, which linked the largest 
portion of the circle graph with the largest fraction in the distractors* was 
an Incorrect strategy to use, ^ As was stated previously, the student had the 
xight answer for the wrong reason. Questioning students in this way can help 
teachers focus on how children arrive at their answers ♦ By using this 
approach, it become obvious that it might not be the "answer" that needs 
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correcting, but rather ''how" the answer was derived that needs correcting* 
This la in agreement with an observation made by Davis (k>te A) . 

Sunmary » 
The purpose of this small-scale, exploratory, descriptive study was to 
examine how children process different tasks of comprehension presented in 
graphical form* We attempted to ralatej the descriptive data to the results 
of the previous study (Curcip, Note 1). As previously mentioned, the results 
are to be interpreted with caution because the sample was small. 

In summary, three types of processing strategies which led to both 
correct and incorrect responses (Spiro^Note 3) were utilized by students 
In answering questions. Most students were aware of the need for, and also 
used, a text-based strategy for "reading the data" directly from the graph. 
Most seventh-grade and higher achieving foiirth-£_ade students demonstrated 
the text /schema integration strategy successfully on some problems. Seventh 
graders seemed to know when to rely on schema-based strategies, even when 1 
not required by the example, Whereas fourth graders were less successful. / 
A number of fourth graders fnd seventh graders failed to note, process, / 
and/or adjust for Inconsistent Information on the redesigned graph on height. 

The cleat perceptual similarity between height and the vertical relation* 
ship of the bars as well as a schema for the usual form of this type of bar 
graph may have contributed to the intransigence of student response on this 
item. There is no reason for students to expect a "trick" format. 

Their inflexibility in light of new information is somewhat reminiscent 
of the performance of the adults in the Anderson, Reynolds, frets, *nd 
Schallert (1977) »tudy In a slightly different context. Subjects were, given 
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two ambiguous passages to comprehend. They also answered multiple choice 

questions with two possible correct answers based on, the two interpretations, 

\ 

Even with exposure to cuer for alternat^ interpretations, 62% of the subjects 
still failed to report awareness of a second interpretation of each passage ♦ 

It seems that once a schema is invoked and at least partially instan- 
t is ted, there is strong resistence to chang^. , Whether student performance 
on the height item is indicative of a developmental phenomenon as suggested 
by Kosslyn (Note 2^ is an' interesting hypothesis* It needs further testing ^ 
using both children and adults and varying the type of graph and graph 

t0 P lc « \m 

One issue that was raised in this study is the question of type of 
processing required by multiple choice questions* For example* on questions 
designed to test "reading between the lines/ 9 some students employed a 
schema-based strategy with little reference to the graph. It would be 
quite possible for researchers and/or practitioners to draw erroneous 
conclusions about processing on this type of 'item, unless the type of 
processing is verified. Depending upon the student 1 8 prior knowledge in 
relation to the question, the type of processing may differ for the same 
question (see Royer and Cunnigham, 1978 for a discussion of the role of 
background knowledge in testing)* 

Other researchers have used this type of interview t2chnique success- 
fully in mathematical problem-solving research. Clement (1982), has developed 
a model of problem solving to examine correct and incorrect interpretations 
of algebjja word problems. The processes that yield incorrect interpretations 
are word-order-match and static comparison. By word-order-match Clement 
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Indicates a process which is triggered by a phrase in the text* The syntax 
of tjhe English in the problem is misleading in terms of the "syntax" of 
the equation which must\be written to solve it. The semantic, static 
comparison process is characteristic of students who seem to have all the 
pieces to solve the problem, but the answer is based upon one static 
erronaous interpretation. The third process, operational equality, yields 

I 

a correct interpretation of the problem. It occurs when students have a 

clear ability to abstract from the wording of the problem to create an 

equation, integrating information from text arid schemata, successfully* 

The strategies used by students, in this study seem to fit the Clement 

model* In this study, errors caused by Werreliance on a text-based 

strategy (when in fact this information is too limited by itself to bring 

mining to the deep structure of the graph), may be similar to Clement's 

vord-order-matcn process (see Example 3). His static comparison process 

■ight be related to a heavy reliance upon text-based processing or scheaa- 

bascd processing that limits the reader's ability to bring meaning to the 

deep structure of the graph (see Example 8) . Finally, the process of 

operational equality might represent the proper balance between text-based 

and schema-based processing that contributes io high level cognitive 

-processing, allowing the~r*ader-tc~ bring meaning to the. deep structure of the 

/ " 
graph (sac Example 1). Items* questions and interview protocols designed 

to test the validity of the Clement model in relation to graph comprehension 

should be created. Kosslyn and Pinker (Note 5) .have identif iad certain 

semantic and syntactic components of graphs which might facilitate the design 

- - ""■ - / 
of such, materials. 

H 
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Future research should also consider the role of metacognition 

i ' 

in graph reading. In some interviews it was observed that children 
were monitoring their comprehension (e.g., studew<:8 caught errors in their 
chinking on their own or after probing by an interviewer) . Since 
monitoring is a major part of metacognition (Brown, 1980), protocols 
should be designed that examine how noviceu (e.g., fourth graders) and 
older students monitor graph comprehension. If they do not spontaneously 
monitor when necessary, what kinds of cues and* how many are needed to 
trigger monitoring followed by f ix^up atrategies? To tihat extent are 1 
students aware of what they are doing as they answer questions? 

Finally, in some interviews it was obvioue that children did not 
know when to employ text-based* strategies, schema-baaed strategies, or 
a combination of both* Studies need to be conducted that explore (1) how 
children determine which strategy to use, and (2) whether the strategy 

employed is a function of reading achievement, mathematics achievement, 

\ 

prior knowledge or an interaction of any combination of thes^e factors. 



* 
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Footnote 

idea for the three levels of comprehension was taken from 
?• vl Peajceon and D. »• Johnson t in Teaching reading comprehension. 
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TABLE 1 



Fourth- and Seventh-Grade Students ^Reading 



and Mathematics Achievement Profiles 



ID 



Reading Mathematics ID Reading Mathematics 



m 


High* 


High 


S71 


Low b 


Low 


S42 




High 


S72 


High 


Low 


S43 


•Low 


Low 


S73 


High 


Low 


S4« 


High 


, LoW 

• ' i 

High 


S74 


High 


High 


S45 


tew 


S75 


High'. 


Low 


S46 


High 


High 


S76 


High 


, Low 


S47 


Low 


Low 


S77- 


High 


Low 

Low { -> 
Low / 


S48 


High 


High 


S78 
S79 


Low 
Low 



la median scores vera used to determine high/low achievements 
High reading ■ a raw score > 42 (the mediae score) on the SRA Reading 
Test, Laval D j Low reading « a raw score £ High mathematics » 
, "/ a raw score > 48 on the SRA Mathematics Test, Level D; Low mathematics*' 
* raw score £ 48. * v , v 

w The median scores were used to "determine high/low achievement. 
High reading • a raw score > 55 on the SRA Reading test* Level F; Low 
seeding * * raw score 4 55. High mathematics « a rpw score > 34; Low 
— — < — ttatheiiatics » a raw store < 34* 
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AVERAGE TIME; Of SUNSET 



, Average 

Tim* 
of 



SfcOO- 

7t00« 

6 tOO. 
5t30- 
StOO- 



4— < 1- — I 1 1 



June July Aug Sept Oct Nov Dec 



Month** 

USE TjreroRAPH ABOVE to answer the 

^FOLVWI til /QUESTIONS. * 



i./ What Is the average time that 
the sun s<»ts in October? 
a. 5t00 P.M. c. 6il5 P.M. 

/ b. 5tt5 P.M. d. 7t10 P.M. 




2. 



7 



4t35 P.M.* Is Mm avernoe ttrnr* of 
sunset during which month? 

a . Octohnr 

b. November ' 

c. December 

d. January 
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2. 



4. 



5. 



As the months progress from June 
to December t vhlch of the 
following i« trim about the 
averaqe time of sunset? 

a. It gets earlier 

b. It gets later 

c. It remains the same 

d« 1 It first qnts earlier and then 
later ! 



How much longer do you have to play 
outside (before it gets dark) in 
July, than you have in October? 



b. 



1^-. hours 
1 |' hour* 



c. 



2^ hours 



d« 3 hours 



Which of the following graphs 
represents fthe average time of 
sunset from January to June, that 
would make the above graph represent 
one complete year? 

Rt30 

c. 



3.. 



Average. 
Time of 
Sunset 
(P.M.) 



4i3(* 



Average 
Time of 
Sunset 
(P.M.) 



5. 



0*30* 



b. 



Averaqe 
Time of 
Sunset 
(P.M.) 



Jan 
0f30i 



"June 



4t10 



d. 



Average 
Time of 
Sunset 
(P.M.) 



4O0 

fliru) 



Jan 



"Julie 



4t30 




Jan 



Jan 



June 



june 



6. As the months progress from June to * 
December, the average time of sunr ise 
gets later. What do you expect to 
happen to the average number of 
daylight hours during this time? 



a* 
b. 
r. 



Increases t 
Decreases 
'Remains the same 

First decreases, and then increases 



H 

O 

n 

• , ft 
w 
w 

fO ' OP 



•8 



O 



Figure 1 . Copyright by F. R. Curcio, 1981 
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Revision of 

HEIGHT Or TJHB RODRIGUEZ CHI ICR EH XN MARCH, 19R0 



Height 



25' 

50 
75 

100 




175 



Maria 



Jose 



Juan 



.Pedro 



Children 



USE THE GRATO /WOVE TO ANSWER TIC 
FOLUJWIMSMHJEST10NS. - 



< 



I 



1. What dors this araph tell you? 

a. The weight of the four 
Rodriguez children in 
March, 19*0 

b. The grades of the four 
Rodriguez children in 
March,~l9C0 

c. The height of the four 
Rodriguez children in 
March, 19*0 

d. The age of the four * 
Rodriguez children in 
March, 19R0 . 
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How tall was Maria? 
a* 75 inches 
b. 100 inches 
p* v 100 centimeters 
d. 125 centimeters 



£3. Who was th* tallest? 
a • Juan 
, b # Pedro. 
c# Jos/ ^ 
d. Maria 



4. How much taller was Jose than Juan? 

a. 25 centimeters 

b. 50 centimeters j 

c. -75 inches 

d. 75 centimeters 



5* If Haria grows 5 centimeters and 
Jose'' grows to centimeters by , 
September* 1981, who will be taller, 
and by how much? 
a, Maria will be taller by 30 

centimeters 
■ b, Jose will be taller by 30 
centimeters *. 

c, Maria will be taller by 25 
centimeters 

d. Jos/ will be taller by 25 
centimeters 



6# If Pedro is 5 years old, which of the 
following is a correct statement? 
a* Pedro is much too short for his age 
b# Pedro could never be that tali for 

hia age v 
c# Pedro is of average height for his 
age 

d, Pedro Is thin for his age 



2. 



3- 



4, 



5. 



6. 



Figure 2. 
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HOW TERRY SPENDS A SCHOOL DAY 




USE THE GRaPH ABOVE TO ANSWER THE 
FOLLOWING QUESTIONS. 



1. How many hour?; in one day doe* 
Terry spend in school? 
a* 2 hours 
h» 6 hours 
c« ^ n -hour* 
d. 14 hours 



2. For which of the following does 

Terry spend three hours a day? 

a* Playing arter tschool 

b. Eatlnq 
, » c# Travel inq to and from school 

d. Watchjrg T«V» 




3, What dons this qraph tell you? 
a, Terry spnnds thi» greatest 

amount or time sleeplnq 
b* Terry spendn the least 
amount of time in school 

c. Torry spendn more time 
playing than watching T.V. , 

d. Terry spends less time 
sleeping than In school 



d. 



What fractional part of a day does 
Terry spend in school? 

J. i 
12 c - 3 



5. How many hours a week (not 

including Saturday and Sunday) 
does Terry spend on homework? 

a. 2 hours 

b. 8 hours 

c. 10 hours 

d. 11 hours 



6. 



What fractional part of a week (not 
includi.ig Saturday and Sunday) does* 
Terry spend sleeping? 



b. 



J. 

21 

J, 
12 



C. 7 



4-^ 



3. 



5- 
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Figure 3. Copyright by F. R. Curcio, 1981 
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